Summary. Concentrations of ( + )and ( \ m=-\ ) gossypol were measured by high performance liquid chromatography after they were incubated with plasma proteins in vitro. The concentration of ( \m=-\) gossypol decreased more than the concentration of ( + ) gossypol. A similar decrease in free gossypol concentrations in the blood plasma of rats was observed after intravenous infusion of gossypol enantiomers. The concentration of ( \ m=-\ ) gossypol was also found to be lower than the concentration of ( + ) gossypol at the blood\p=n-\testisbarrier. The biological effect of ( \ m=-\ ) gossypol probably results from its stereospecific binding to extra-and intracellular proteins in vivo and inhibition of the biological activity of some proteins.
Introduction
The reason for the differences between the in vitro and in vivo activities of gossypol enantiomers is still unknown. Although both enantiomers show similar spermicidal potency in vitro (Kim et ai, 1984) , only ( -) gossypol is active as an antifertility agent in male hamsters and rats (Wang et ai, 1984; Matlin et ai, 1985; Lindberg et ai, 1987) . It has been proposed (Tanphaichtr et at, 1988) on the basis of in vitro studies, that the ( -I-) gossypol is more readily bound to serum proteins, so that, at a given concentration, ( -) gossypol would remain mainly in the free form in contrast to ( + ) gossypol. The present investigation was undertaken to clarify whether gossypol enantiomers bind in different ways to plasma proteins and whether they differ in their ability to cross the blood-testis barrier.
Materials and Methods

Materials
Gossypol enantiomers were provided by the Special Programme in Human Reproduction, World Health Organization, Geneva, and by S. A. Matlin (Department of Chemistry, The City University, London, UK). The optic purities for both enantiomers as checked by polarimeter (Perkin Elmer, Model 241, USA) were 99-5-99-9%. The racemic gossypol acetic acid (99-9% pure) was also provided by WHO.
Gossypol assay
Gossypol concentrations in all the samples were determined by means of high performance liquid chromato¬ graphy (High Performance Liquid Chromatograph, LC-4A, Shimadzu, Japan) with an additional electrochemical detector (LKB, 2143, Sweden), as described previously (Wang et ai, 1988 (Wang et ai, , 1989 The animals were anaesthetized with sodium pentobarbital, and the bilateral efferent ducts of testes were ligated through an abdominal incision. Twenty hours later, the animals were anaesthetized again and the distended efferent duct was cannulated under a dissecting microscope by inserting a polyethylene tube pulled to a fine tip, through which the rete testis fluid was collected continuously for 4 h after intravenous administration of gossypol preparation. A blood sample was collected at the end of this period. The plasma concentration was expressed in pgml ', but the concentration of gossypol in rete testis fluid was expressed in terms of ng per 4 h of collection, since the initial portion of the sample was the accumulated fluid before gossypol administration.
Results
In vitro study
In the presence of plasma protein the concentration of ( -) gossypol decreases more than does the concentration of ( + ) gossypol, which is maintained at a higher level (Fig. 1) . Since both enantiomers decrease in a similar way with time of incubation, there is no significant difference between the slopes calculated by linear regression in both cases (P > 005). However, in the absence of plasma protein, the concentration of both isomers remained constant without being degraded during the 4 h incubation. Although equivalent concentrations of both enantiomers were applied, there was a marked difference in their initial concentrations before incubation in the presence of plasma protein. The differential binding of free gossypol to plasma protein occurs as soon as gossypol and plasma are mixed together.
In vivo study
The concentration-time curve for ( -) gossypol is at the lowest level in sharp contrast to ( + ) gossypol which is maintained at a much higher level, as in the in vitro study. The racemic curve lies between the curves for ( + ) and ( -) gossypol. The measurements of free gossypol concentrations start as soon as the infusion of this compound is finished which takes 1-5 h. The marked difference in the initial points observed in this case signifies the differential binding of free gossypol to plasma protein that has occurred during the infusion period. The difference in the fate of the two gossypol enantiomers in vivo after intravenous administration can also be expressed quantitatively in terms of various pharmacokinetic par¬ ameters calculated from the concentration-time data (Fig. 1) The concentration patterns of free gossypol for different enantiomers are virtually identical for the plasma and rete testis fluid 4 h after intravenous administration (Fig. 3) . The sharp concentration gradient of gossypol between the blood plasma and rete testis fluid is reflected in the difference of the scales. In accordance with the gossypol concentration in blood plasma, the amount of ( + ) gossypol present in rete testis fluid collected for 4 h after infusion is remarkably higher than that of the ( -) gossypol; the racemic gossypol is intermediate between the other two isomers. The ( + ) gossypol may therefore cross the blood-testis barrier much more readily because of its much higher plasma concentration and much greater concentration gradient. Much less ( -) gossypol crosses the blood-testis barrier because of its far lower plasma level and concentration gradient. In some cases, gossypol could barely be detected in rete testis fluid after a single intravenous dose of ( -) gossypol.
Discussion
The aldehyde groups present in the gossypol molecule may be readily bound to the free amino groups of the protein molecules to form a Schiffs base. This has been confirmed by the report that pretreatment of plasma with 2,4-dinitrofluorobenzene or aspirin which acrylates or acetylates the amino groups of protein can slow down the rate of disappearance of the free (-) gossypol in plasma (Wu & Reidenberg, 1990 (Haspel et ai, 1984; Joseph et at, 1986; Tanphaichtr et at, 1988) . The EC50 for ( -) gossypol was much lower than that of ( + ) gossypol in the presence of serum protein. It is possible that, under such circumstances, the ( -) gossypol would remain mainly in a free form because of the relatively weaker binding of this enantiomer to serum albumin. This is completely contradictory to our findings and the data of Wu & Reidenberg (1990) that ( -) gossypol rather than the ( + ) gossypol was bound much more readily to plasma protein.
The marked difference in the pharmacokinetics of gossypol enantiomers in vivo mentioned above reveals that ( -) gossypol is eliminated from the circulating blood much more readily than the ( + ) isomer. This is in agreement with the pharmacokinetic study of Wu et at (1986) . Elimination of free gossypol from the blood plasma involves intercompartmental transfer, metab¬ olism and excretion through the hepatic or renal routes as well as protein-binding mechanism. Since the K12 values of ( + ) and ( -) gossypol are the same, it seems unlikely that ( -) gossypol is transferred from the central to peripheral compartment more readily which may partially account for its rapid disappearance from the plasma. As far as the blood-testis barrier is concerned, the concentration of ( -) gossypol within the barrier is much lower than the concentration of ( + ) gossypol in accordance with their plasma concentrations after a single intravenous dose. Owing to the fact that a time-dependent decline of free gossypol concentration in the presence of plasma protein is also observed in vitro, it is assumed, therefore, that the differential bindings of gossypol enantiomers to plasma protein may play an important role in the different behaviour of these two isomers in the blood plasma after intravenous administration.
Thus it is surprising that only ( -) gossypol, which is present in the free state at very low concentration within the male genital tract, is biologically active. However, the in vitro studies showed that the EC50 of the ( -) gossypol is always much lower than that of ( + ) gossypol, especially in the presence of serum.
Den Boer & Grootegoed (1988a, b) reported that the stereospecific protein-binding mechanism of gossypol is not confined to plasma protein; it may also be readily bound to other extra-and intracellular proteins with a high affinity for gossypol at the adluminal side of the blood-testis barrier, possibly some proteins therein bind gossypol more strongly than plasma albumin. The interaction of ( -) gossypol with the cellular proteins must also be stereospecific and results in inhibition of the biological activity of the proteins even at very low concentration and there is apparently no such specific interaction of ( + ) gossypol with cellular components concerned. This may account for the unique biological action of ( -) gossypol in vivo.
